We describe the anatomical structure of roots originating from the apocole of Attalea microcarpa compared to the primary root, by means of usual methods for optical microscopy. The adventitious roots are differentiated in the apocole associated to vascular bundles, and can remain as a single structure or branch. They have the basic root structure characteristic of Arecoideae palms, without schizogenous spaces, which are observed in the primary root, in addition to few air spaces. Mucilages, starch and proteins were present in both types of roots. Adventitious roots of the apocole are described for the first time in Arecaceae.
The root system pattern of palm trees (Arecaceae) has taxonomic importance for the definition of tribes within subfamilies (Karsten 1856; Drabble 1904; Seubert 1997 Seubert , 1998a . Development of the root insertion zone in the root-carrying organs is little known, particularly in tropical palms and in young palm individuals (Tomlinson 1990) . The apocole, also called cotyledonary petiole (Tomlinson 1990; Viana et al. 2016) , is a portion of the cotyledon that separates the seedling from the seed in palms that have remote germination and is differentiated from the distal region of the embryo (Tillich 2007) . Attalea microcarpa Mart. is an underground stem palm, common in lowland forests (Lorenzi 2010) , known as palha-vermelha (red straw) (Henderson 1995) . Leaves are used as house cover, and mature fruits are consumed by traditional communities (Balslev et al. 2008) , and it is similar to Attalea attaleoides (Barb. Rodr.) Wess. Boer in morphological aspects. The fruit and the seed of the species were studied by Melo et al. 2017 , however there are still no records about its establishment and other natural history aspects. Here we describe the anatomy and histochemistry of the primary and adventitious roots of seedlings of Attalea microcarpa, contributing to the knowledge about its ontogeny and recognition at initial seedling stage.
Seedlings of A. microcarpa, obtained from a germination experiment in the greenhouse of the Faculty of Agrarian Sciences at Universidade Federal do Amazonas (Manaus, Amazonas, Brazil), were used as material for the anatomical analysis in the elongation phase of the apocole and of the primary root. The seedlings originated from fruits collected in a sustainable development reserve, Reserva de Desenvolvimento Sustentável do Tupé (Manaus, Amazonas, Brazil). The morphological and distribution pattern of the coating, supporting and filling tissues and the vascular system arrangement of the roots were characterized by analysing samples from the origin point of the roots in the apocole and the median area of the primary root. Fresh sections of the samples were prepared with a tabletop microtome, clarified with sodium hypochlorite, stained with 1% Astra blue and 1% safranin (Safrablau 9:1) (Bukatsch 1972) in aqueous solution and slides were mounted on glycerinated gelatin (Kaiser 1880; Kraus and Arduin 1997) . Histochemical tests were performed for the detection of ergastic substances with Lugol (starch), Xilidine Ponceau (proteins), Sudan III (lipids), and tannic acid (mucilages) with fresh material from the median region of the roots. Photomicrographs were obtained by recording with a Canon PC1252 digital camera coupled to a Zeiss Primo Star MicroImaging 37081 photomicroscope.
The development of the root system of A. microcarpa presents an adventitious root formation from the apocole in many seedlings in the apocole elongation stage, becoming evident when cataphylls are exposed. (Figure 1 ). The adventitious roots develop obliquely, associated with parenchymal tissues near vascular bundles of the apocole (Figure 2a,b) , and remain as a single structure ( Figure 2c ) or may branch (Figure 2d,e ). In the basal region of these roots the vascular cylinder is relatively undifferentiated, presenting basal-apical differentiation. In the adventitious roots, epidermis is formed by predominantly irregular cells, followed by exodermis of thickened walls, parenchymal cortex in the subepidermal layers with the presence of sclerified cells (Figure 3a,b) , and an inner cortex constituted by parenchyma ( Figure 3a ). Schizogenous spaces do not occur in the cortex (Figure 3c ), which are observed in the primary roots. Besides, very few air spaces occur ( Figure  3a) . The endoderm is sclerified, except in the external celular walls (Figure 3d,e ). The pericycle delimits the entire central cylinder, which has 12 vascular bundles around the medulla, which is sclerified with schizogenous spaces (Figure 3e ). The bundles occur with protoxylem and phloem bands side by side forming a circle, with the protoxylem in the outermost regions Figure  3d,e ). The primary root presents epidermis formed by papillose cells, sclerified exoderm, as well as the first layer of cells of the cortical parenchyma. The subepidermal cortex presents 3-4 rows of cells with secondary thickening forming a sclerified tissue (Figure 3f,g) . Along the cortex, traces of cellular lysis occur, forming a few air spaces (Figure 3g ), as well as cavities formed by schizogenous spaces in the outer and inner cortex (Figure  3g,h) . The endoderm forms a ring circling the pericycle around the vascular bundles. The vascular system has up to 24 vascular bundles forming a circle ( Figure 3i ). As in the adventitious roots, the bundles occur with the xylem and phloem bands side by side forming a circle, with the protoxylem in the outermost regions and metaxylem facing the center of the cylinder (Figure 3j ). The medulla is sclerified with the presence of schizogenous spaces. Mucilages were detected in the exoderm, in the external cortex and in the vascular bundles of both root types (Figure 4a-c) . Starch grains were detected in the cortex of both roots (Figure  4d,e ). Protein bodies were detected in the external cortex and in the vascular bundles of both root types (Figure 4f-h) .
The emission of adventitious roots from the apocole is different from that of lateral roots, which are emitted from the pericycle of primary roots (Esau 1974) . The adventitious root of the apocole, and the primary root hold the basic anatomical structure of palm roots in the subfamily Arecoideae, including the occurrence of air spaces, frequent in roots of the group (Seubert 1998a,b) . Subepidermal sclerified cells and a sclerified medulla have been described for the young roots of Euterpe oleracea Mart. (Paula 1975) . A similar arrangement has been described in the aerial roots of Oenocarpus bataua Mart. (Orozco 2016) . The same characteristics are observed in the subfamily Coryphoideae, as in Livistona rotundifolia (Lam.) Mart. (Viana et al. 2016) . No secretions were detected in the schizogenous spaces in the present study, while these spaces of the cortex and medulla have been described as mucilaginous cavities for E. oleracea (Paula 1975) . Root hairs occur in the apocole of L. rotundifolia (referred to as cotyledonary petiole in the study) (Viana et al. 2016) . In Metroxylon sagu Rottb. the adventitious roots of the stem and lateral roots have the same anatomical pattern described in the present study for both roots, differentiating only in the sizes or numbers of layers of cells (Nitta et al. 2002) . The abundant occurrence of mucilage in the external cortex of the root is a common character of tribe Attaleinae (Seubert 1998a) . Individual mucilaginous cells can occur in the inner cortex and in the medulla of palm roots (Drabble 1904) , as detected in the primary and adventitious roots in this study. Mucilages were found in other parts of palms, and this widespread occurrence seems to be common, as in the Aiphanes minima (Gaertn.) Burret stem (Tomlinson 2006) and in the leaves of four Oenocarpus species (Silva and Potiguara 2009) . Starch is an important source of reserves already found in the embryo in some species of Arecaceae, such as Butia capitata (Mart.) Becc., which can be found in haustorium and apocole (Oliveira et al. 2013) . As the adventitious roots in A. microcarpa emerged from the apocole region, the starch found in these roots may be a useful source of resources for the seedling. Protein bodies can be located at various stages of initial development (Oliveira et al. 2013) . No lipids were detected stored in the roots. The occurrence of neutral lipids in plants is associated with seed tissues where triacylglycerols stored inside lipid droplets serve as energy and carbon reserve during post-germination growth (Chapman et al. 2012) . We suggest that the root emission in the apocole region is a morphological adaptation that favors the uptake of nutrients in environments such as campinarana (white-sand forests), in which A. microcarpa is frequent. It has been observed that, as soon as available, nutrients are absorbed by plants in campinarana through a dense and superficial root system, before the rain can carry the nutrients to the river systems (Oliveira 2001 ).
The morphoanatomical characters described in this study inform about the natural history of A. microcarpa. Morphoanatomy and histochemistry of the adventitious and primary roots present similar characteristics, leading to the conclusion that the structures originating from the apocole are in fact roots of non-orthodox origin, which may have an important role in enabling the species to occupy the environments in which it occurs. The processes related to the morphoanatomy and initial growth in this species should be further investigated due to their ecological and evolutionary importance.
